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In a recent paper [1], the BESIII collaboration reported the so-called first observation of pure
W -annihilation decays D+s → a
+
0 (980)pi
0 and D+s → a
0
0(980)pi
+. The measured absolute branching
fractions are, however, puzzlingly larger than those of other measured pure W -annihilation decays
by at least one order of magnitude. In addition, the relative phase between the two decay modes is
found to be about 180 degrees. In this letter, we show that all these can be easily understood if the
a0(980) is a dynamically generated state from K¯K and piη interactions in coupled channels. In such
a scenario, the D+s decay proceeds via internal W emission instead of W -annihilation, which has a
larger decay rate than W -annihilation. The proposed decay mechanism and the molecular nature
of the a0(980) also provide a natural explanation to the measured negative interference between the
two decay modes.
PACS numbers:
In a recent BESIII experiment the D+s → pi+pi0η decay
has been investigated [1]. The dominant decay mode
is found to be D+s → ρ+η, which is a typical case of
external emission (c → sρ+) with s¯ as spectator, and
ss¯ → η), and thus, is enhanced by the Nc factor. In
addition, two modes come from pi+η and pi0η forming the
a+0 (980) and a
0
0(980) resonances, respectively. These two
modes are clearly seen with a cut for the invariant mass
of pi+pi0, Minv(pi
+pi0) > 1.0 GeV, which eliminates the ρ
contribution, and two clear peaks show up for the a00(980)
in the pi0η invariant mass distribution and a+0 (980) in the
pi+η invariant mass distribution. The combined mode has
a branching ratio of about 1.5% and the decay is branded
as a clean example of W -annihilation with a rate which
is one order of magnitude bigger than the typical W -
annihilation rates.
In this work we argue that the decay mode is actu-
ally internal emission due to the nature of the a0(980)
resonance as a dynamically generated state from the
pseudoscalar-pseudoscalar interaction [2–6].
In Ref. [1] the D+s decay mechanism was assumed to be
given by the W -annihilation process depicted in Fig. 1.
Note that in this figure the a0(980) resonance is implicitly
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assumed to be a qq¯ state. However, the advent of the chi-
ral unitary approach to deal with the interaction of pseu-
doscalar mesons showed that the low-lying scalar mesons
are generated from the interaction of the mesons in cou-
pled channels and do not correspond to a qq¯ state [2–
6]. A thorough study of the Nc behaviour of resonances
and the properties of these scalar mesons and the ordi-
nary vector mesons [7] concluded that, while the vector
mesons are largely qq¯ sates, this is not the case for the
low lying scalar mesons, f0(500), f0(980) and a0(980).
According to the topological classification of the weak
decays in Refs. [8, 9], the order of strength follows as
W external emission, W internal emission, W -exchange,
W -annihilation, horizontal W -loop and vertical W -loop.
We first investigate whether the process can proceed via
external emission. We could have the D+s → pi+s¯s ex-
ternal emission, which is a Cabibbo favored process, but
ss¯ has isospin zero, and upon hadronization of the ss¯
into KK¯, one can obtain the f0(980) final state but not
directly the a0(980). The a0(980) can still be obtained
through theKK¯ propagating states due to isospin break-
ing because of the different K+ and K0 masses [10–13].
However, this is much suppressed, and in addition there
is no equivalent pi0a+(980) production, while in the ex-
periment the pi+a0(980) and pi0a+0 (980) modes have the
same strengths [1].
Next we show that by means of W internal emission
one can obtain the desired decay mode. The mechanism
is depicted in Fig. 2.
It is interesting to see which mesons appear after the
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FIG. 1: Annihilation mechanisms assumed in Ref. [1] for the D+s → pi
0a+0 (980), pi
+a00(980).
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FIG. 2: W internal emission mechanisms for the D+s → pi
0a+0 (980), pi
+a00(980). (a) Primary step; (b) hadronization of the sd¯
pair; (c) hadronization of the us¯ pair.
hadronization in diagrams (b) and (c) of Fig. 2. For this
we can write:
∑
i
sq¯iqid¯ =
∑
i
M3iMi2 = (M
2)32, (1)
∑
i
uq¯iqis¯ =
∑
i
M1iMi3 = (M
2)13, (2)
where M is the qq¯ matrix in SU(3). If we write this
matrix in terms of the pseudoscalar mesons, taking into
account the η and η′ mixing of Ref. [14] we find,
M =


1√
2
pi0 + 1√
3
η + 1√
6
η′ pi+ K+
pi− − 1√
2
pi0 + 1√
3
η + 1√
6
η′ K0
K− K¯0 − 1√
3
η + 2√
6
η′

 , (3)
and ignoring the η′ component since its large mass does
not play a role in the generation of the a0(980) [2], we
find
(M2)32 = pi
+K− − 1√
2
pi0K¯0, (4)
(M2)13 =
1√
2
pi0K+ + pi+K0, (5)
and the three hadrons produced after hadronization of
Figs. 2 (b) and (c) are given by
H1 = (pi
+K− − 1√
2
pi0K¯0)K+, (6)
H2 = (
1√
2
pi0K+ + pi+K0)K¯0. (7)
One may wonder where is the a0(980) in these states,
but this is precisely the point about dynamically gener-
ated resonances, which appear as a consequence of the
final state interaction of a pair of mesons, in this case
the KK¯ component. Indeed, in Refs. [2–6] the a0(980)
is generated from the KK¯, piη interaction in coupled
channels in the coupled-channel chiral unitary approach
[15]. This production mechanism of scalar resonances has
3been utilized for explaining the B0s decays into J/ψ and
f0(980) [16, 17], B
0 decays into D0 and f0(500), f0(980)
and a0(980) [18], D
0 decays into K0 and f0(500), f0(980)
and a0(980) [19], among others [20, 21].
The amplitudes for pi+pi0η production through the
a0(980) are given diagrammatically in Fig. 3, correspond-
ing to the two final states of Eqs. (6) and (7).
Let us write the amplitude, t, corresponding to the
mechanisms of Fig. 3. For this recall the isospin mul-
tiplets that we use in our formalism, (K+,K0) and
(K¯0,−K−), and (−pi+, pi0, pi−). Then
tK+K−→pi0η = −
1√
2
tI=1
KK¯→piη, (8)
tK0K¯0→pi0η =
1√
2
tI=1
KK¯→piη, (9)
tK+K¯0→pi+η = −tI=1KK¯→piη, (10)
and the amplitude corresponding to Fig. 3 is given by
t = V1[GKK¯(Mpi0η)tK+K−→pi0η(Mpi0η)
− 1√
2
GKK¯(Mpi+η)tK+K¯0→pi+η(Mpi+η)]
+V2[GKK¯(Mpi0η)tK0K¯0→pi0η(Mpi0η)
+
1√
2
GKK¯(Mpi+η)tK+K¯0→pi+η(Mpi+η)] , (11)
with Mpi0η and Mpi+η the invariant mass of the pi
0η
and pi+η systems, respectively, where V1 and V2 are the
weights for production of H1 and H2 of Eqs. (6) and (7).
The amplitudes in these equations above are obtained in
the chiral unitary approach [3]
T = [1 − V G]−1V, (12)
where V is is a 2× 2 matrix with the transition potential
between the KK¯ and piη channels and G (the same G
function appearing in Eq. (11)) is the loop function of two
intermediate mesons. The V matrix elements are found
in Ref. [19], as well as the G function for which we use
a cut off method with qmax = 600 MeV to regularize the
loops [19]. By means of Eqs. (8), (9), and (10), implying
isospin symmetry, we can rewrite Eq. (11) as
t = V¯
[
GKK¯(Mpi0η)t
I=1
KK¯→piη(Mpi0η)
−GKK¯(Mpi+η)tI=1KK¯→piη(Mpi+η)
]
, (13)
with V¯ = (V2 − V1)/
√
2.
The finding of Eq. (13) is most welcome, because in the
analysis of Ref. [1] it is found that the two amplitudes
involving the a00(980) and a
+
0 (980), leading to pi
0η and
pi+η, appear with a relative phase close to 180 degrees.
Actually, the former finding has its origin into a more
fundamental point. Indeed, by looking at the diagram
of Fig. 2 (a) and with the isospin multiplets (u, d),
(−d¯, u¯) we have the states, |sd¯ >= −|1/2, 1/2 > and
|us¯ >= |1/2, 1/2 >. Then in terms of total isospin we
have |sd¯, us¯ >= −|1, 1 >. If we look now at the multi-
plets pi and a0(980), we get
|pia0; I = 1, I3 = 1 >= 1√
2
|pi0a+0 − pi+a00 >, (14)
with a+0 (980) from pi
+η and a00(980) from pi
0η, respec-
tively. And the two states pi0a0+ and pi
+a00 appear with
opposite sign.
Next, we show the numerical results. Since the am-
plitude of Eq. (13) depends on two independent invari-
ant masses, we use the double differential width of the
PDG [22]
d2Γ
dMpi0ηdMpi+η
=
1
(2pi)3
Mpi0ηMpi+η
8M2
D
+
s
|t|2, (15)
adjusting the parameter V¯ to the global strength of
the data. By integrating Eq. (15) over each of the
invariant mass variables with the limits of the Dalitz
plot given in the PDG [22], we obtain dΓ/dMpi0η and
dΓ/dMpi+η and compare to the data of Ref. [1]. The
method of Refs. [2, 19] provides good amplitudes up to
1200 MeV. The phase space requires amplitudes further
away from the a0(980) resonance where they are small
and play no role in the reaction. We use the same pro-
cedure as in Ref. [23] softening gradually the product
GKK¯(Mpiη)tKK¯→piη(Mpiη) in Eq. (13) when Mpiη > 1.2
GeV.
The results of dΓ/dMpi0η are shown in Fig. 4 (the one
for dΓ/dMpi+η is identical in the isospin limit of equal K
and pi masses within a given isospin multiplet). There is
a neat peak, cusp like, for the a0(980) around the KK¯
threshold, and a second broader peak at larger pi0η in-
variant masses. This second bump is the reflection of
the a+0 (980) that the amplitude has in the pi
+η invariant
mass from the second term in Eq. (13).
We should recall that in the experimental analysis (see
Figs. 2 (e) and (f) of Ref. [1]) a cut Mpi+pi0 > 1 GeV is
implemented to remove the ρ+η contribution. Yet, this
cut also removes events at higher pi0η invariant masses
from the pia0(980) contribution. This effect is also shown
in the figure.
We should note that the cusp like structure of the
a0(980) is quite evident in recent high precision exper-
iments [24, 25], and is also remarkably visible in recent
lattice QCD simulations. 1
Finally, in Fig. 5 we show a distribution of events to
compare with experiment. Apart from the cut Mpi+pi0 >
1 GeV we have accumulated events in bins of 40 MeV, like
in the experiment integrating dΓ/dMpi0η betweenM±20
MeV, withM being the centroid of the experimental bin.
In this figure, V¯ is fixed to 17.8 for comparison with ex-
periment. The agreement with the data is fair. But, as
1 J. Dudek, talk at the Hadron 2019 Conference in Gulin, China.
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FIG. 3: Diagrammatic representation of the KK¯ final state interaction of the states H1 and H2 in Eqs. (6) and (7) leading to
pi+pi0η in the final states. The a0(980) resonance appears in the scattering matrix KK¯ → piη symbolized by a thick circle in
the figure.
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FIG. 4: dΓ/dMpi0η as a function of Mpi0η. Solid line with
no M
pi+pi0 restriction. Dashed line with the restriction of
Mpi+pi0 > 1 GeV.
discussed in Ref. [1], the data still have some contribu-
tions from other channels. Thus, the proper comparison
should be done with the dashed line of the figure, which
is taken from experiment after the contribution from the
spurious channels is removed. The agrement with experi-
ment is then excellent in both the pi0η and pi+η channels,
which in our picture have identical strength and shape,
something also found in the experiment within the ex-
perimental precision. We should comment on the small
difference in the position of the a0(980) peak in the ex-
perimental analysis (dashed line in Fig. 5) and our cal-
culation in Figs. 4 and 5. The peak of the experimental
curve comes from the parameterized a0(980) amplitude
using the nominal mass of the PDG. The peak position
in the theory appears at the KK¯ threshold as a clean
cusp. The position of this peak at the KK¯ threshold and
its cups-like shape are corroborated by the high statistic
BESIII experiment on the χc1 → ηpi+pi− decay [25].
It is interesting to mention what happens if in Eq. (13)
the minus sign is replaced by a plus sign. The distribution
is drastically different, with all the strength accumulating
at low invariant masses, and the a0(980) peak much less
prominent. This justifies why the experimental analysis
can determine this phase with high precision.
In summary, we have shown that due to the nature of
the a0(980) as a dynamically generated resonance from
the KK¯ and piη interaction in coupled channels, one does
not need to invoke the W -annihilation process to explain
the D+s → pi+pi0η through the a0(980) resonance and
the process proceeds via W -internal emission leading to
KK¯pi final states, with the KK¯ interacting to produce
the a0(980) state. This mechanism solves the puzzle of
the abnormally large rate observed for this decay mode
compared with some genuineW -annihilation process like
D+s → ωpi+ and D+s → pi0pi+. On the other hand, the
good agreement with experimental data of the chiral uni-
tary approach as shown by us here, provides extra sup-
port to the picture of the a0(980) as a dynamically gen-
erated resonance, adding to many other processes where
this resonance is produced.
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FIG. 5: Event distribution in 40 MeV bins of dΓ/dMpiη compared with experiment with Mpi+pi0 > 1 GeV. (a) for pi
0η
distribution; (b) for pi+η distribution. The dashed lines are taken from [1] after the non pia0 events are removed.
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